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CHAPTER I 
INTRODUCTION 
Significance pf the Study 
Due to the specializatio_? and highly cor1plex n2.ture 
of football, both offensively and defensively, today's gnme 
demands a high degree of strength, agility, endurance, 
power, speed and quickness of all players. DiGiovanna 
indicated that football players, compared to non-athletes, 
possess substantially greater physical measurements, such 
as weight, chest depth, shoulder breadth, chest breadth and 
t�tal strength.1 Development of such physical traits during 
the pre-se�son, season, and off-season times of the year and 
the maintenance of these aspects specifically during the 
competitive football season has been the concern of both the 
coach and the athlete. Coaches have employed many different 
types of off-season training programs that strive to best 
prepare the players for the rigorous weeks of practice and 
competition. 
Although data resulting from research are av2.ilable 
1vincent ....... iGiovanna, "The Relation of Selected 
Structural and Functional i<easures to Success in College 
bthletics, n Research Qu�rterly, 14: 214, 1"<q.y, 1943. 
1 
regarding the development of various physical attributes 
during the off-season, little information regarding the 
maintenance or continued development of the player's cond i­
tion during the competitive season is obtainable. The 
questions to be answ�red and investigated are as follows: 
1. Does· a physical change take place during the 
season? 
2. When does this physical change take place and 
what facets of physical condition are affected? 
3. Does the physical condition of the football 
players increase, decrease or stay the same throughout the 
season? 
4. Do the players reach a "peak" at some time 
during the season? 
Answers to these questions and others could assist in the 
planning and preparing of practice sessions during .particu­
lar phases of the football season. 
Statement of the Problem 
The purpose of this study was to determine the 
physical condition of football players as they reported to 
the pre-season fall training camp and the resulting effects 
a season of competitive football had on selected measures 
2 
of physical condition. 11easurements taken to determine this 
condition were cardiovascular endurance, muscular endurance, 
muscular strength, agility, explosive power, weight and 
·3 
body fat. 
Hypothesis 
A season of competitive football produces no signif­
icant changes in cardiovascular endurance, muscular endur­
ance, muscular strength, agility, explosive power, weight 
and body fat. 
Limitations and Delimitations 
1. The subjects in this study were limited to 
twenty-two junior, sophomore, and freshman South Dakota 
State University varsity and junior varsity football 
players. 
2. ?1uscle and joint soreness or fatigue due to the 
physical nature of the sport could not be controlled. How­
ever, any subject not capable of effectively participating 
in any one of the tests was eliminated. 
3. The psychological effects of wihning, losing, 
and other related factors on the performance of the tests 
could not be measured or controlled. 
4. As the major part of the testing program was con­
ducted outdoors, environmental factors were uncontrollable. 
Definitions 
Cardiovascular endurance. Cardiovascular endurance 
refers to the amount of oxygen the body can process and 
forward to the tissues of the body in a given amount of 
time. This endurance is dependent upon efficient lungs, 
2 
strong heart, and a good vascular system. 
1•fuscular endurEnice. l�uscular endurance refers to 
the ability of a muscle group to sustain a sub-maximal 
t t . f t d d . ., f t · -· 3 con rac ion or an ex en e per100 o 1Le. 
4 
Muscular strength. >1uscular strength is the ability 
of a muscle or muscle group to exert maximum strength in a 
single contraction. 
Agility. Agility is the ability of an individual 
to rapidl y change boJy position and direction in a precise 
5 manner. 
Explosive nower. Explosive power is the ability 
of an individual to release maximum force in the fastest 
6 
possible time. 
Percent Bodv Fat. Percent body fat is the percent­
age of the total weight which is mad e up of fat. 
2
Kenneth Cooper, The New Aerobic (New York: H. 
Evans and Company, Inc. , 1970), p. 16. 
3carl E. Wil lgoose, Evaluation in Health Education 
and Physical Education (Philadelphia: Lea & Febiger, 1964), 
p. 105. 
4Ibid., p. 105. 
5Barry L. Johnson and Jack K. Nelson, Practical 
J-.�easurements of Ev2.lue.tion in Physical Education 0-�innea­
polis: Burgess Publ ishing Company, 1969), n. 100. 
6 Ibid.·, p. 80. 
Comnetitive season. The competitive season refers 
to the time between August 24, the day all players reported 
to the fall two week pre-season football training camp, and 
the last ball game of the season. 
5 
CHAPTER II 
REVIEW OF REL;:...TED LITER.r�TURE 
The investigation of reported literature .concerning 
cardiovascular endurance, muscule_r endurance, muscular 
strength, agility, explosive power, weight, and body fat is 
found in this chapter. Two major sections appear with one 
section dealing with physical changes of athletic teams 
during a season of competition, while the second concerns 
gener�l training programs and the resulting physical changes 
that take place. 
Seasons of Athletic Competition 
Howell and his associates investigated the effects 
of various intercollegiate athletic seasons upon fuaximal 
heart rate, treadmill performance times, pre-exercise 
oxygen consurt1ption, and maximal oxygen consumption. 1.,_he 
experimental group included seventeen University of Alberta 
intercollegiate athletes from three varsity sports (foot­
ball, swimming and hockey). The subjects used for control 
were involved in only two hours of recreational activities 
each week. Howell·found that the hockey group experienced 
a significant gain in maximal oxygen consu□ption �t the .05 
level of confidence. The football, swimming and control 
6 
groups did not undergo significant alterations in any of 
the variables, but the athletes had siGnificantly higher 
mean maximal oxygen consumption than the control subjects. 1 
In order to assess the effects of a season of ice 
hockey upon treadmill performance, Watson tested ten 
University of Alberta senior ice_hockey players ranging 
from twenty to twenty-five years in age, and ten University 
of Al berta undergraduate and graduate students ranging in 
age from nineteen to twenty-eight for a control group. 
7 
Three tests, corresponding to pre, mid� and post-season, 
were administered .over a twenty-one week period. The ice 
hockey group experienced a total percentage increase in 
maximal oxygen consumption of 17.46 percent compared to a 
total improvement of 8.65 percent for the intermittently 
active control group. The greatest increase in maximal 
oxygen uptake for the hockey group ·occurred within the first 
. 2 seven weeks. 
Brynteson investigated the changes in selected 
bodily responses of ten coll ege football players foll owing 
their competi tlve season. Subj ec.ts were tested the ·week 
·, 11\�axwell Howell, et. al. "Intercollegiate Athletics 
an� Ifaximal Oxygen Consumption" �Fitness Research Unit. 
University of Alberta, Edmonton, Alberta). 
2 
.. , Ronald '•latson, "The Cardiovascular Effects of Ice Hockey Upon Treadmil l Performanc·e" (unpubl ished i"faster I s 
thesis, University of Alberta, 1964), pp. 1-67. 
followine the foot ball s eas on and retes ted s ix weeks later 
to evaluate  the effects of de-training. �es ults indicated 
decreas es in maximum oxygen uptake from 4.734 to 4.299 
liters per minute or from 59.04 to 53.27 millimet ers per 
kilogram per minute between Tes t I and Tes t II, which 
were s ignificant beyond the . 01 l�vel of confidence.3 
8 
Englund, in a s tudy involvine nine fres hman football 
players , concluded that individuals become progress ively 
more tired as s trenuous practice s ess ions continue and that 
football practice advers ely affected the combined lifting 
and �ripping strength of the group. A high relationship 
bet ween fatigue and loss of s trength, as indicated by the 
4 
Carls on Fatigue Tes t, exis ted. 
Polo inves tigated the s trength changes of eleven 
college wres tlers through their competitive seas on. 
Strength of muscle groups which control certain s houlCTer, 
arm and hand movements were meas ured. Findings indicated 
a aeneral decreas e in s trength of all mus cle groups tes ted 
3Paul Brynteson, "Chan?'es in Selected Bodily 
�espons es of College Football Players' Following Their 
\J?T�petitive Seas on" (unnublis hed ,-:Dster 1 s thes is, S!)ring-
• field Univers ity, 1968), pp. 1-83. 
John Homer·Englund, "Condit ion of Football Players 
Du�ing and !fter the Se�son as Indic2ted by Cardiov�scular 
ano. Strength Tes t s" (t..n-:;ublis heci ::2.s ter' s t hesis, South 
DE�kota Sto.te Collete, 1955), DP. 1-54. 
throughout the first eight weeks of competition. A one 
week layoff of practice indic�ted significant improvement 
of strength 2nd after a six week cessation of training, all 
muscle eroups tested showed significant increase. 5 
Gibbs observed strength persistence of high school 
football players during a period-of competition in which a 
weight tr�ining program was not utilized, but had been 
utilized as an off-season conditioning program. He found 
continuous decrease in strength in all strength areas 
tested. Knee extension decreased significantly at the .001 
6 
level of confidence. 
Thompson, Buskirk and Goldman, while investigating 
the possible changes that might take place in the fat of 
college basketball and hockey players, found no significant 
loss of body weight, but decrease in skinfold measurements 
clearly indicated that a redistribution of weight had 
5John Polo, "Streneth Changes of Collegiate Wrest­
lers Luring and Follo1ing Their Competitive Season11 (unpub­
lished naster 1 s tbesis, :fontana State University, 1961+), 
pp. 1-64. 
6 
David !:.J. Gi-�)bs, nstrength Persistence of Football 
Players During Competition" (unpublished :<aster I s thesis, 
University of California, 1966), pp. 1-58. 
9 
occurred. Presumably subcutaneous fat had been utilized 
d 1 . d 7 an muse e mass increase . 
In a similar study on football players, Thompson 
found that loss of body fat was insignificant, but an 
increase in body density ind icated a change in bod ily com­
ponents . Thompson also indicated that all skinfold sites 
decreased significantly at the .01 level of confidence .
8 
10 
. Walker investigated the changes in body fat as 
computed from skinfold measurements of college track and 
field athletes during a five month period . Measurement 
sites included the chest, cheek, abdomen, and upper arm . 
Loss of weight was significant only through the March to 
May training period._ Fat changes showed a significant 
decrease of arm and abdominal measurements at the .05 level 
of confidence . Changes in cheek measurements failed to 
reach the desired level of confidence .9 
7c. W .  Thompson, E. R .  Buskirk, and R .  F .  Goldman, 
"Changes in Body Fat, Estim2.ted from Skinfold ;·.•!easurements 
of College Basketball and Hockey Players During a Season, " 
Research Quarterly, 30:418-30, March, 1959. 
8c. W .  Thompson, "Changes in Body Fat, Estimated 
from Skinfold �-ieasurements of Varsity College Football 
Players During a Season," Research Quarterly, 30:87-90, 
March, 1959 . 
Richard Arnold Walker, "Changes in Body Fat as 
Computed from the Skinfold Measurements of College Track 
�nd Field Athletes During a Season of Competition and Train­
ing' (unpublished Master's thesis, South Dakota State 
University, 1959), pp . 1-56 .  
11 
Rothacher reported that forty participants in winter 
sports, (basketball, swimming, and track) lost an average 
of 7.9 pounds by the end of their respective season. It 
was also noted that football players increas ed their weight 
and then maintained that increased weight throughout the 
10 
season. 
Hammer studied the effects of peri.ods of pre-train­
ing, training, and de-training of thirty-six college varsity 
football players before, during, and following their com­
petitive season. The athletes were tested on the recovery 
from a step test which used a seventeen inch bench and 
stepped at a cadence of thirty-six steps per minute for one 
minute. They were also tested on the standing broad jump 
and a sixty yard agility run. There was a significant 
increase in the ability to recover from the step test during 
the football season. Six weeks after the completion of the 
season, however, the recovery rate had significantly changed 
back to the pre-season level. Neither the agility nor the 
standing broad jump measures indicated any trend before, 
- 11 during and following the season. 
10 
J. L. Rothacher, An Abstract from the The sis, "A 
Study of Athletic Condition in �elation to Circulation and 
Weight, " Research Ou..-.rterly, Supplement 6:63-69, \lay, 1935. 
11w. H. Harmner "Physiological and Performance 
Changes During Periods'or Footbail Training and De-Train­
ing, " Journal �of Snorts I·fodicine and Physical Fitness, 
5:72-75, June, 1965. 
12 
In a study involving seventeen varsity and freshma n 
basketball players at South Dakota State College, Jacobsen 
investigated the effects a season of basketball had on leg 
strength and explosive power. All subjects were tested four 
tL1es. Results indicated that leg strength gained signifi­
cantly throughout the study at the .05 level of confidence. 
A slight over all decreas e appeared in the Sargeant jump, 
12  
although not significant. 
Summary Q11 Seasons of Athletic Competition 
The related literature regarding seasons of athletic 
competition seems to be agreeable concerning cardiovascular 
fitness. Maximal oxygen consumption according to reported 
literature increased with training and decreased with 
de-training. Body fat, weight and skinfold measurements 
all indicated d ecreases. A season of athletic competition 
indicated adverse effects in regard to strength and 
explosive power. 
Training Programs 
Brouha developed the Harvard Step Test f or the 
purpo�e of measuring physical fitness for muscular work and 
12Donald Jacobsen, "The Effects of a Basketball 
Se�son on Leg Strength and Explosive Power as Shovm on a 
Se.Leet r-,roup of Players I at South Dakota State Uni versi ty 0 
(unpublished Master's thesis, 1962), pp_. 1-40. 
13 
the . abil ity to recover from work . In a study of 2, 200 
students, Brouha found athletes to be consistently higher 
than non-athl etes and that their scores improved with train­
ing and d ecreased after training.13 
Knehr and his associates found a seven percent 
increase in maximal oxyg en uptake _ for fourte en men who were 
studied over a period of six months of physical training. 14 
Rob.inson and Harmon studied nine non- athl etic, indiv­
iduals and found an eighte en percent increase in maximal 
oxygen uptake at the conclusion of a training perioct . 15 
Astrand called attention to the considerable dif­
ference in max imal oxyg en consumption between world-class 
endurance athletes and normal individuals. The difference 
would seem to indicate that " aerobic capacity" is an 
important factor where fitness for endurance is concerned. 
A feature of these elite athletes was their abil ity to 
· 1 31ucien Brouha , 1 1 The Step Test : A Simple r-1ethod of 
�easuring Physical Fitness for� J<uscular Work in Young Men, " Hes earch Quart erly, 14 : 31-3 5 ,  March , 1943 . 
14c .  A .  Knehr , D .  B .  Dill and "J . Newfield , "Training 
and its Effect on Man at Rest and at Work , " American Journal 
of Phys iology , 136 : 148-156 , March, 1942. 
15s .  Robinson and P .  M .  Harmon , "The _ Effects of 
!raining and of G elatin upon Certain Factors which Limit 
i}' Uscular Work , 1 1 /Lneri can Journal of Physiology , 133 : 161-169, 
May , 1941 ., 
2 6 5 5 7 5  
consume high quantities of oxygen per kilogram of body 
weight ; 6 7  milliliters for the 1500 meter men and cross 
country skiers compared with an average of 58 . 6  ml/kg/min 
16 
for a group of students of the same age. 
14 
Anderson studied the effects of a nine week physical 
conditioning program on the total -body weight, total body 
fat,  and body density of forty-three experimental subjects 
and forty-three control subjects. Results indicated that 
this type of vigorous training program will decrease body 
fat and cause a reduction of weight and sub-cutaneous fat at 
17 
specific body sites. 
Pollock and his associates investigated the effects 
a four day a week training program and a two day a week 
training program had upon maximal oxygen intake, body 
composition, heart rate response to a standard treadmill run 
and on a two mile running time. The training program con­
sisted of walking, jogging and running. Both experimental 
groups improved in cardiovascul�r endurance. Group I I, 
Which worked out four days a week for twenty weeks showed 
16R O +- d " T--T  an Ph 
. 
1 F · t " th S • • . .  s vran , ..... um ys ica l ·ness wi p e-
c ial Refe rence to S ex and Age , "  Physiological Revievs, 
36 : 307-33 5 ,  July, 1956 .  
17Richa:rd Anderson, "The Effect of a Physical Con­
�itioning Program on Body Fat and Body Density" ( unpublished 
has ter • s thesis, Pennsylvania Stc1te University, 1 96 5 ) , 
pp . 1-68. 
consistent reduc tion in b ody  c omp osition. G roup I whic h 
worked out t-r_..10 days a ·we ek for t-,..-renty weeks rema ined the 
same i n  rega rd to bod y c omp osition. The tra ining prog ram 
in g eneral had p ositive effec t s  on all a reas examinea .
1 8  
15  
Tschetter dis c overed that a training p eriod o f  five 
weeks  with meetings five days a week had no significant 
effec t  up on sp eed and the ability to quickly c hang e  d irec ­
ti ons as c ompared to the c o ntro l g roup.  Bm·rnver, he found 
tha t his train ing prog ram was an effec tive �ethod of imp rov-
19 
ing dynamic ba lanc e. 
Smi th inve$ tigated forty-nine male vo lunteers from 
bas ic physic a l  educ ation c lasses to d etermine the effec t of 
selected dril ls on ag ility. An analysis of varianc e  ind i­
cated d iffe renc es  between the four training groups and one 
control g roup.  SDith c onc luded that ag ility c an be sig ni­
ficantly improved through selec ted training programs design­
ed with the p urp ose of imp roving agility. He a ls o  c onclud ed 
l '" 0
Mic ha e l  P oll ock, Thomas K . Curet on, and Leonard 
Greninger, 1 1 Effec ts o f  Freq uency of Training on �·larking 
�-c.p3 c i ty, C ardiovascular  Fune tion, . and B ody C o!npos i tion,  
1 1  
�ed i c ine a nd S c ienc e  in s�o rts, 1 : 70-74 , June, 1969 . 
19
r oug las Lee Tsche tter , "Effec ts of S ele c ted  F o o t­
ball I'rills on �gility t t  ( un ;mbl ished I-las te r ' s thesi s, S outh 
Dcko ta State Unive rs ity, 1 96 5 ) ,  pp . 1 -2 5. 
16 
tha t agility can be improved to a g reater extent a nd rate  
through performa nce of c ertain agil ity d rills as oppos ed to 
20 
other ag il ity drills . 
S c a nnell investig ated the effects of " all-out t ' 
workout s upon the retention of newly attained levels of 
enduranc e. Sig nificant imo rovemeRt from a pre -tes t to a 
pos t-tes t at the .01 level of confidenc e indic ated tha t  all 
s ixty s ubjec ts had attained a new level of endurance. 
Subj ec ts were then d ivid ed into three g roups  G nd worked out 
for ten weeks. Grouo I worked out onc e  a week, Group II 
worked out once every two weeks ,  a nd Group III served as  a 
control. Scannell found that af ter ten ,:re eks , G roup I . had 
retained 83 per c ent of its acquired endurance, Group II 
21  
had 58 p ercent retention, a nd Group III only 13  perc ent. 
Kell er, while inves tigating the relation between 
quicknes s of bod ily movement and succes s in athl etics on 
3 59 athletes and 277 non-athl etes conclud ed that a p os itive 
20
Richa rd Charle s  Smith, 1 1 The Eff e c ts of Sel e c ted 
Dril ls upon the Impro vement of Ag ility" C un-published 
Mas ter ' s thes is , South Dakota State Univers ity, 1969), 
pp. 1-9 5 .  
21 
,_ Robert James S c annell , " S el ec ted F2._c tors· Conc erned 
With the l<a.intenance of End uranc e" (unpublished Mas ter ' s 
thes is , Pennsylvania State Un ivers ity, 1959 ) , p p. 1-114. 
relationship between the ability to move the body quickly 
22 
and succe ss in athletics existed. 
Sunm1arv: o f  Tra ining Prop:rams 
17 
The review of literature concerning training pro­
grams indic�tes that training definitely improves cardio­
vascular  fitness and de-trainin g will decrease cardiovascu­
lar fitnes s. The literature also indicated that body fat 
decreases  with training and that the degree of decrease 
may depend on the severity of the training program. Improve­
ment of a gility also resulted from various training programs 
while literature indicated that specific drills are· more re­
liable than others.  The literature further indicated that 
a high level of endurance can be reached and maintained for 
an extended period of  time. It appears that training 
positively affects all areas investigated. 
. 
22Louis Keller , "The Relation of Quicknes s of Bod ily 
Lovement to Suc ces s in .Athletics, "  Research Oue.rterl y_, 
13 : 146-155 , 1942 . 
CHAPTER III 
l<ETHODS AND PROCEDURES 
Organization o:i:_ the S tudy 
The purpos e of this s tud y yas to d etermine the 
cond ition of football players as they reported to the 
pre- s eason fall football training camp,  during the regular 
season, immedia tely following the s eason, and three weeks 
after the s eason was comp leted. �eas urements us ed to 
e valua te the condition of the p layers includ ed Cooper ' s  
twelve-minute run a s  an indic ator of card iovascular 
enduranc e, pull-ups  and p ush- ups  for muscular end urance, 
the leg dynamometer tes t  to meas ure leg s treng th, the bench 
j ump for ag ility and explos ive power, weig ht and skinfold 
measurements to es timate percent body fat • . 
T he first tes t was adminis tered on Eonday, Aug us t 
· 24, j us t  prior to the s tart of football practic e. The 
s econd tes t was on Monday, S eptember 7 ,  after ·two week s  of 
two-a-day football practice s ess ions and one week prior to 
the opening game. The third tes t was administered on 
Octob�r 1 8, the S unday after the f ifth ball game. The 
fourth test was oYi November 1 6 ,  the l·.-:Onday follmving the 
las t :footoa ll g ar:1e of the year  and the f inal test was 
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administered Tues d ay ,  December 8 ,  three weeks after the 
completion of the regular season . 
Source of Data 
In the initial te st , all fifty-one junior , 
sophomore , and freshman football players who reported to 
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the South Dakota State University football pre-s e ason train-
ing camp were tes ted . Throughout the course of the season , 
twenty-n ine of the initial fifty-one prospective subj ects 
were eliminated from the study due to in j ury , mus cle s ore­
nes s or sickness which prohibited proper execution of the 
tes ts .  The final twenty-two subj ects and their character­
istics are listed in Table I .  
Collection of the Data 
In order to g a in insight into the changes which take 
place in the physical condition of football players through­
out a s eason of competition , fitness parameters of value for 
a football player to possess were selected . Thes e para­
meters included c ardiovascular endurance , muscular endur­
anc e ,  muscul ar s trength , agility and explosive po��r .  In 
add ition , weight and body fat were analyzed . The following 
sections indicate the methods used to meas ure these vari­
ables .  
1 .  
2 .  
3 . 
4 .  
5 .  
6 . 
7 . 
8 .  
9 . 
10 . 
11 . 
12 .  
13 . 
14 . 
1 5 . 
16 . 
17. 
18 . 
19 . 
20 . 
21 .  
22 . 
* 
* * 
* * * 
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TABLE I 
SUBJECT CHARACTERISTICS AT THE 
T IME OF THE INITIAL TEST 
.µ .µ er; 
..c: ..c: .µ 
(l) M b..O H -rf s •rf •ri (l) ccs Cl) 
ro Q) (l) b.O Cl) 0 
:z; � '? <l! � 0... ·--
Thoreson* 5'9½" 177 18  Soph . Defensive Back 
Olson** *  6 I 2 r t  1 79 18  Frosh . Defensive End 
Wagner , E . *  6 1 3� " 215 17  Frosh . Offensive Center 
·wagner, D . * * *  5 I 9 1 1 1 80 19 Soph . Defensive End 
Arr:1s trong* 6 1 3 1 1  193 19 Soph . Quarterback 
Will iams** *  6 ' 1 " 216 18  Frosh . Offensive Center 
Renner* 6- 1 3� " 1 87 19 Soph . 'Wide Receiver 
'Bunch* **  6 1 1 1 1 197 1 8  Frosh . Defensive End 
Jensen* 6'2 " 203 19 Jr . Defensive Tackle 
Houser* 6 1 01 1  170 18  Frosh . Wide Receiver 
Shaikosk i* ** 6 1 1½" 172 17  Frosh . Linebacker 
Vorrath* 5 -' 1 0½" 191 20 Jr. Linebacker 
Roth* ** 5 1 9 1 1 190 18  Soph. Lineba cker 
Engle* 6 1 3 "  232 20 Jr. Defensive Tackle 
Turner* **  5'11½" 201 1 8  Frosh . Linebacker 
Tuma* * 5'11½ 1 1  194 18  Frosh . Fullback 
Bonnell* * *  5 ' 11" 178 18 Frosh . Halfback 
Holgrefe** *  5 • 10 1 1  219 19 Soph . Offensive Guard 
Bauer** * 5 I 9 1 1  1 78 1 8  Frosh . Defensive Back 
Decker* * * 5 • 11 1 1  181 18  Frosh . Halfback 
Doty* * *  5'11 " 1 91 18  Frosh . Fullback 
Skaff* * * 5 1 10 1 1  212 21 Jr. Offensive Guard 
varsity starter 
played considerably on the varsity 
played s ome on the varsity , but primarily played on the 
junior vars ity 
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C ard iovascul ar endurance. The twelve-minute run as 
developed by Cooper was used to measure card iovascular 
endurance . Through the testing of more than 15,000 men , 
Cooper determined that d istance covered in the twelve­
minute run could be used as a substitute for the maximal 
oxygen upta�e tes t  for measuring cardiovascular endurance, 
s ince the correlation between the two measures was . 90. 1 
Cooper devised standards for men under thirty years of age 
bas ed on his research findings. Table I I  depicts these 
find ings for evaluating an ind ividuals cardiovascular fit-
ness .  
TABLE II 
COOPER ' S  CARDIOVASCULAR FITNESS CHART 
Fitnes s Category 
I. Very Poor 
II . Poor 
II I.  Fair 
IV . Good 
V .  Excellent 
Uptake 
min 
les s than 2 5. 0  
2 5. 0-33. 7 
33. 8-42 . 5  
42. 6-51. 5 
51. 6 or more 
Distance Covered 
.Miles 
less  than 1. 0 
1 . 0-1. 24 
1 . 2 5-1. 49 
1 . 50-1.74 
1. 7 5  or more 
For this investiga tion , a track of three hundred and 
thirty yards was cons tructed around a football practice 
1Kenneth H . Cooper , 1 1 \feans of As sessing Maximal 
Oxygen Intake , 1 1 Journal of �he American 1•,�edical As sociat ion , 
203 : 201-04 , January 1 5 , 1968. 
field. The track was then divided into six equal parts of  
fifty-five yards and markers erected to designate each 
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sixth of the track. Each subject was given a numbered cloth 
pinned to the side of his t-shirt and the number was reco rd­
ed next to his name. A stop watch was use d to time the run 
and upon completion all subjects placed the numbered cloth 
at the point on the track where they had finished. Measure­
ments consisted of recording, the distance covered to the 
nearest 55 yards, then converting this distance to hun­
dredths of a m ile. 
Muscular strength. One of the most commonly used 
criteria for evaluating an individual ' s  potential for suc­
cess in athletics is strength. Tinkle and Montoye indicated 
that of the various characteristics which contribute to a 
person ' s  physical abilities, none seems so universally 
important to performance in sports and other physical activ-
2 
ities as does strength. 
In this study, muscular strength of the legs only 
was measured . The leg dynamometer with belt was used to 
measure leg strength. The · apparatus consists of a 
2wayne F . T inkle and Henry J. Montoye, "Relation­
ship between Grip Strength and Achievement in Physical 
Education, " Re search Quarterly, 32 : 238- 243, May, 1961. 
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dynamometer mounted on a wood en bench wi th an adjustable 
chain and a hand l e  plus a webbed belt. 3 T he subj ects s tood 
on a wood en be nch, feet six inches apart and parallel . The 
subj ect squa tted slig htly until a kne� bend of 120 d egrees 
was formed . The knee be nd was measured by a g oni o�eter. 
T he chain was ad j us ted so that the bar was held approxi ­
mately in the mid-thig h ree ion. The cha in link was then 
tabulated and used consis tentl y with each individua l 
subject throug hout the inves tigation. As the subjec ts 
assumed the squat pos ition and maintained a knee bend of 
120 deg rees, the belt was t ig htly secured around the waist 
and at tached to each e nd of the bar. All subj e cts were 
ins tructed to keep their backs  straight and heads erec t. 
�a xirnal forc e was then exerted aga inst the dynamometer by 
the extension of the leg s. E ac h  sub j ect  was allowed two 
trials with the best trial being recorded. All readings  
were reco rd ed to the nearest ten pounds . 
I-1uscuL:1.r enduranc e. In this study, muscula r  end ur­
ance was determined by emp l oying both push-ups and pull-ups , 
3c arl ton H. r---:eye rs a nd T .  Erwin Bles h, Teasurement 
in Physical Educ �tio� ( New York : The Ronald Press C ompany, 
1 962 ) ,  pp . 1 95-200. 
which are  considered to be  among the best indicators of  
4 
muscular endurance. In performing push-ups, the subjects 
were instructed to assume a prone position and extend the 
body upward to form a straight line with weight supported 
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on the palms of the hands and the base of the toes. Hands 
were plac ed directly under the shoulders. Movement consist­
ed o f  loFering the body until it touched the fist of  his 
partner , which was placed directly under · the chest, and 
pushing the body up until the arms were fully extended. 
Movement was continuous and no time limit was set on the 
performanc e. All subjects were informed that any r�petition 
that did not meet the above criteria wouid not be  counted 
in the total number  of push-ups performed. 
In performing pull-ups, subjects assumed the 
hanging support position on a horizontal bar using the 
overhand grip (palms away). Movement consisted of  pulling 
the body up until the chin was over the top of the bar. 
The body was then lowered until the arms were fully extended  
on the recovery step. Each individual was encouraged to 
complete a maximum number of pull-ups. No time limit was 
set and no resting was permitted between repetitions. Any 
pull-ups that did not meet the above standards were  not 
4Edwin A .  Fleishman , The S tructure and Mea surement 
Qf Phxs ic al Fitness ( New J ersey : Prent ice . Hall Inc. , 1 964 ) , 
p . 30. 
counted as a . repetition. 
Agilitx and explos ive power. Schmakel and Tipps 
believe that ag il ity is one of the factors that must be 
d eveloped in today ' s  football players. In this study the 
bench jump, commonly us ed in training progra�s for the 
purpos e  of improving agility, was s elected to measure this 
specific variable. 5, 6 
Along with agility, the investigator felt the 
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bench jump was also a solid indicator of explosive power, 
s ince jumping ability is a vital aspect for performing this 
test. The bench jump was performed over an eighteen inch 
bench, s even inche s in width . Movement consisted of jumping 
back and forth over the bench with both feet alternately 
touching the ground on each sid e  of the bench for a period 
of thirty s econds. Each time both feet touched the ground , 
one repetition was counted. 
·Bod� fat . Exces sive fat is considered undesirabl e 
for endurance type  athletes.  McLe ster and Darby state that 
too much fat interfere s with physical activity, reduce s 
muscular efficiency and when found in exce s sive amounts in 
, 5 · L · D · 1 1  " Warren H. P .  Schmakel  "Defens ive ine r i  s,  
P ' . ,  t ·  A . _roc eedings of the Thirty-Eigth Annual l'.ce e ing, merican -. Football Coaches  As sociation, January 9-11 , 1961, PP · 94-98 . 
6
Tom Tipps "Defens ive Drills to Teach Agility an� 
Reaction 1 1 Summer  tranual,  Ame rican Football Coache s  As socia-
tion, 1962 , pp . 4o-44 . 
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the abdominal cavity , interfered with movement of the 
diaphragm and abdominal muscles. 7 Montoye , after analyzing 
weight gained in athletes said, "if a man becomes fat he 
becomes slow, lacks endurance and lags behind in competi­
tion. 11
8 
The common practice of assessing the degree of 
obes ity of an individual is by comparing his body weight 
with the weight charts developed by insurance companies. 
This procedure is unsatisfactory for research purposes 
because the .extra weight o f  an individual may be due to 
skeletal and/or muscle development, both of which c�use 
higher body densities. A more reliable estimate of an 
individual ' s body fat can be derived from body density. 9 
The underwater weighing technique for determining body 
density , h?wever, was not practical for this investigation. 
Another technique for estimating body density was brought 
to attention in 1956 by Thompson , Buskirk and Goldman. This 
7James S. l'-'IcLester and. William J. Darby, " Obesity 
and Leanses s . "  Nutrition and Diet in Health and Disease 
( 6 th ed. ; Philadelphia : W. B. S aunders Company, 1952 ) ,  p. 
334. 
8
Henry J. Montoye, "Weight Analysis, " The Longevity 
and �brbid ity of Colle�e Athl etes (East Lansing, Michigan: 
Phi Epsilon Kappa, 1957 ) ,  p. 70. 
9A .  w. Sloan, "Estimation of Body Fat in Young den, " 
i,ournal of Applied Phys ioloey, 23 : 311-315, September, 1967 . 
technique involves taking skinfold measurements for 
estimating body density and hence determining percent body 
fat.
10 
Implementing this research and the research of 
others, Forsyth tested 50 male athletes at Springfield 
College and established ten regres sion equations for esti­
mating body density which were bas ed on seventeen anthro­
pometric variables. The specific regres sion equation of  
Forsyth ' s  used in this study was derived from six skinfold 
11 
sites , height ,  weight , and ponderal index. The equation 
employed is  as  follows: 
y = 1. 02415-.00169x15+.0013ox12 
y = estimated body density 
X15 = back skinfold ( subscapular, mm )  
Xl 
= height ( decimeters ) 
Xl2 
= abdominal skinfold ( mm )  
2 7  
This s pecific regres sion equation had a multiple 
correlation with the underwater technique of measuring body 
density of  . 86 and a standard error of estimate of . 005 . 
10c .  w .  Thompson, E .  R. Buskirk , and R. F. Goldman, 
"Changes in Body Jlat ; Estimated from Skinfold Measurements 
of College Basketball and Hocke? Players During a Season, " 
Research Quarterly , 30: 418-30, March, 1959 . 
11Harry L. Forsyth, "The Es timation of Lean Body 
Weight in Male Athl etes '' (unpubl ished Doctor ' s  dis s ertat ion, 
Springfield College, 1970 ),  pp. 1-126. 
The - formula for estimating p ercent_ body fat used in this 
1 2  study and als o  used b y  Forsyth was attributed to Broz ek .  
percent body fat = 4 . 570 - 4. 142 
body density 
The technique for measuring skinfold thickness was 
the same as used by Forsyth. Mea surement sites included 
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the abdominal skinfold and the sub-scap ular skinfold .  The 
abdomina l skinfo ld was a horizontal fold l ocated mid-way 
between the umbilicus a nd the right tip of the illiac crest. 
The sub-scapula r skinfold was a diagonal fold located 
beneath the lowe r edg e of the right scapula. All measure­
ments were taken with a Lange Skinfold Cal iper a nd measure­
ments were read to  the nearest millimeter. The method used 
to take the measurements included g rasping the skin f irmly 
with the thumb and forefinger of the left hand . The width 
of the skin wa s kept small yet the skin possessed a d efinite 
fold and the mea surement wa s taken at the crest of the 
fola.
13 
Weight. Weight was recorded to the neares t one-half 
pound and sub j ects were we ighed in the nude, or in a pair 
of shorts. 
12Ibid . 
13Ib.! ., J.. 0 . 
Procedures for Collecting the Data 
1 . All subj ects reported to the fo otball dressing 
room on Monday, Augus t 24, for the initial testing day . 
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2 .  For organizational purposes, subjects were 
divided into six groups of fourteen to sixteen on the first 
two testing dates. As subj ects were gradually dropped from 
the study, the third testing date had o nly four groups and 
only two groups were used for the final two testing dates. 
3 .  Subjects were divid ed into homogeneous  groups 
accord ing to their position and general athletic ability . 
Group d ivisions after the f irst two tests were base� pri­
marily on their performance times in the twelve-minute-run. 
4 �  Reliable, trained testers were used cons istently 
at each station throughout the investigation. 
5 .  An exact rotation and time schedule was used 
and followed b y  all groups during each testing period . 
Table I I I  indicates the ro tation and schedule used which 
depicts specific stations , testing time, resting time, and 
the teste rs name. This sd hedule was po� ted in the d res s ing 
ro om for all players to s ee on each tes ting date. Each 
group was separated by approximately fifteen minute inter­
vals� - The first measurement taken for ea ch subj ect was 
Weight. The s ubject then went with his group through the 
remaining te sts according to the schedule listed on the 
foll owing 
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TABLE III 
TEST SCHEDULE FOR COLLECTING DATA 
Parameter Testing Rest . Tester Time Tjme 
Weight 5 0 Booher 
Leg Strength ( lbs. ) 1 5  5 Ball 
12-Minute Run 12 13 Gregory & Jeppson 
Push-ups 4 4 Boz ied 
Bench Jump 5 4- Brynteson 
Pull-ups 5 Hellerich 
6. The only parameter not included in this schedule 
involved sk infold measurements which were taken by the 
investig ator after all other testing was completed, e ither 
at the stadium or back at the player ' s  room . 
CHAPTER IV 
ANALYSIS AND DISCUSS ION OF RESULTS 
Organization of the Data for Analys i s  
The purpose of this investlgation was t o  study 
the physical changes that might take place in varsity 
and j unior varsity South Dakota State University football 
players as a result of a season of competitive football. 
The data were organized in such a manner that  
permltted analysis of physical changes that took place 
during the season . The parameters analyzed included 
cardiovascular endurance, muscular endurance, muscular 
streng th, agility, explosive power, weight and body fat .  
Subjects were tes ted on August 24 , 1970, the first day of 
fall football practice, September 7 , two weeks after the 
start of organized practice, October 18, six weeks into the 
competitive season , . November 16, the Monday following the 
final game of the year and December 8, 1970, three weeks 
after the completed football season � 
Table IV indicates the mean score for all parameters 
on each s pecific testing date. Raw data for all para­
meters are found in Appendix A. 
The specific statistical treatment which was 
applied to the d ata was the polynomial regres sion technique 
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as outlined by Steel and Torrie. 1 An electronic computer 
was used for data analysis to facilitate speed and accuracy. 
The data were analyzed to see if they fit a linear, quad­
ratic, cubic or quartic equation. To be significant in any 
one of these equations, an F .  value of  3 . 93 had to be reach­
ed. The . 05 level o f  confidence was the minimal level of 
significance chosen for this study. 
Parameter Test 
Weight 
( lbs. ) 
193 . 45 
Percent 
Body Fat 12. 51 
Leg Strength 1274 
(lbs. ) 
12-Minute Run 1 . 71 
Pull-ups 9 . 30 
Push-ups 46 . 45 
Bench Jump 43. 14 
TABLE IV 
TABLE OF MEANS 
Test Test 
I I  I I I 
193 . 45 194.18 
12 . 21 11. 88 
. 1376 1425 
1. 72 1. 77 
11 . 15 14. 15 
50. 50 53. 05 
42. 85 45 . 82 
Test  Test 
IV  V 
193 . 75 1 96 . 30 
12. 21 13 . 10 
1374 1461 
1. 76 1. 75 
15. 50 16 . 85 
52 . 85 54. 85 
44. o4 47. 93 
1Robert Steel and James Torrie, Principles and Pro­
c edures of Statistic s  ( New York : McGraw-Hill Book Company, 
Inc. , 1 960 ) , pp. 332-345 . 
33 
Analxsis of Data 
The results of the polynomial regression statistics 
. \ 
for all parameters are shown in · Table V .  Only two of the 
parameters studied fit a specific regression curve . The 
changes in pull-ups throughout the season fit a linear 
regression equation as indic ated by an F ratio of 61 . 58 .  
The equation is listed and plotted in Figure 1. The changes 
in the bench jump throughout the season fit a linear 
regression equation as indic ated by an F ratio of 11.7 5 .  
The equation is listed and plotted in Figure 2 .  None of 
the other regression equat ions for any of the remai�ing 
variables were sign ificant. 
Summary and Discussion of Results 
The results of the polynomial regression statistics 
procedure produced only significant changes a t  the . 05 level 
of confidence in muscular endurance, as evaluated by pull­
u·ps, plus agility and explosive power as measured by the 
bench jump, throughout the season of competitive football . 
In both cases the significant changes were in a positive 
direc t ion and linear . Although no significant regression 
equat ions were found for any of the other variables, mean 
scores did indic ate general inc reases from the initial test 
to the final tes t in push-ups, . 12-minute and l·eg strength . 
The increase of muscular endurance as indicated by · 
pull -ups �ay be attributed to the fac t  tha t  a t  least three 
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TABLE V 
RESULTS OF POLYNOMIAL REGRESS ION 
Parameter Polynomial Regression F* Value 
12-11inute Run Linear 2. 69  
(miles ) Quadratic 2. 07 
Cubic . 11 
Quartic . 41 
Leg Strength Linear 3 . 34 
( lbs . ) Quadratic . 24 
Cubic 1. 70 
Quartic . 08 
Push-ups Linear 3 . 63 
Quadratic . 27 
Cubic . 47 
Quartic 
Pull-ups Linear 61 . 58 
Quadratic . 71 
Cubic  . 3 8 
Quartic 
Bench Jump Linear 11. 75 
Quadratic . 61 
Cubic 1 . 20  
Quartic 3 . 73 
Percent Body Fat Linear . 09 
Quadratic . 54 
Cubic . 01 
Quartic 
Weight Linear . 32  
Quadratic . 10 
Cubic . 06 
Quartic . 06 
*F ( 1/105 ) = 3. 93 
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times a week, p rior t o  the start of eac h  pra c tice session, 
a l l  football pl ayers were  required to perform their max­
imum effort of pul l-ups. Push-ups, also a measure of 
musc ul ar end uranc e, al though not statistic ally signific ant, 
d id approac h signific anc e  in the l inear regression equation. 
Push-ups however, were not a part- of the in-season c ond i­
tioning routine as were the pul l -ups. 
In regard to the significa nt inc rease in agility, 
all football pl a yers participated in a phase of the regular 
footbal l  p ractice session devot ed to the d evelopment of 
agility. Agility d ril ls  used inc luded the mirror d�il l, 
quar ter turns, mo nkey rol l ,  sea t rol l ,  sl ed  d r il l  a nd other 
specific dril l s  for d ifferent positions. This imp rovement 
i n  agil ity c oinc id es with t he results obtained by Smith, 
who c onc l uded as a resul t of his study  that agility c a n  
be significantl y  imp roved through selec ted dril l s d esigned 
with the purp ose of improving agility.
2 
Studies ha ve found 
strength to be an  important var iable in power measurem ent. 
Al though .l eg strength did not reac h the . 05 level of 
signif ic ance, mean sc ores d id show steady inc reases whic h 
2
Richa rd Charl es Smith, "The Effec ts o.f Selec ted 
Drill s upon the Imp ro vement of Agil ity
1 1  ( unpublished 
!-:aster ' s thes is, South Dako ta S tate University, 1 969 ) ,  
pp . 1-95. 
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may have had some positive effect in the performance of the 
b h . 
3, 4 enc J ump . 
According to Cooper's twelve-minute run, the foot­
ball players in this investigation reported to the fall 
pre-season training camp in "good 1 1  cardiovascular condition. 
After two weeks of conditioning, training and practice, the 
mean distance covered increased very slightly. The final 
three mean scores indicated "excellentn cardiovascular 
condition, even though a slight decrease from the third test 
to the final test existea. 5 
The results obtained from Cooper ' s  twelve-mtnute 
run in this investigation somewhat contradict related 
literature reports which indicate that cardiovascular 
3
Joe M. Henderson, "Relationship of Power to Static 
and Dynamic Strength, " Research Quarterly, 37 : 9, March, 
1966. 
4
Lawerence C • .McClements, t t Power Relative to 
Strength of Leg and Thigh Muscles, " Research Quarterly, 
3 7 : 71, :-1arch, 1966. 
5Kenneth H .  Cooper, The New Aerobics ( New York : 
M .  Evans and Company, . inc . , 1970 ) ,  pp. 28- 29. 
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c ondition c an be expecte d to significantly improve with 
f thl t . t . . d . t . . 6 ' 7 ' 8 ' s easons o a e ic rai ni ng or con 1 ioning programs. 
O n  the othe r hand , Howell repp rted  no significant increase 
i n  maximal oxygen uptake for six members of a football team 
and six members of a swimming team.
9 
The re are two possible explanations for the lack 
or significant imp roveme nt in the cardiovascular e ndurance 
or footba ll players in this investigation. Since the · 
players reported to the p re-season football camp in ve ry 
go od card iovascular condition, significantly improving 
upon this condition would be difficult. T raini ng apd 
c onditioning dire cted specifical ly towards improving card­
iovasculcr e ndurance would have to be employed during every 
practice se ssion. 
6
Ronald Wats on, " The Cardiovascular Effects of Ice 
Ho ckey upon Tre admill Performance 1 1  (unpublished Maste r ' s 
thesis, Unive rsity of Albe rta, 1964), pp .  1 -67. 
7c . A .  Kne hr, D .  B .  Dil l  and W.  Newfie ld,  "Training 
and its Effec t on Man at Re s t  and at Work, " Ame rican 
Journal of Physiology , 136 : 148-1 56, March, 1943. 
8s .  Robinson and P .  M. Harmon, "The Effects of 
Tra ining and of Gelatin upon Certain Fac tors which Limit 
Mus cul ar �fork , 1 1  Ame rican Jo urnal of Physiol ogy , 
13 3 : 161 -169 ,  Hay ,  1941. 
9Maxwe ll Eowel l, et . al. ,  1 1  Inte rcol legiate Athle tics 
and Maximal Oxygen C onsumption , u (Fitness Re s earch Unit:  
Univers ity of Alberta,  Edmonton, Alberta) . 
40 
Secondly ,  the phases of  practice emphasizing 
cardiovascular conditioning may not have been strenous 
enough to cause a significant improvement. Specific 
activities employed during the practice sessions included 
running up the stadium steps, progres sive running, and one­
lap sprints around the practice field. However, total 
running time was generally fewer than five minutes .for each 
subject. The intensity of these running activities was 
limited to approximately three times a week. 
Another aspect that must be considered when eval­
uating cardiovascular endurance of .football players . is 
just how much cardiovascular endurance must they pos se s s ?  
The investigator is o .f  the opinion that many coaches believe 
that cardiovascular endurance should be built up during 
the off-s eason and that the in-season should be geared 
to maintaining this cond ition only. So it would appe.ar 
that little time should be specifically designated for 
improving cardiovascular condition during the season if 
the coach feels that the players are in " good "  enough 
cardiovascular condition when they report to pre-season 
trainlng camp. On the other hand, if a coach ' s  objective 
is to improve upon the players cardiovascular cond ition 
during the season, then more time must be spent on card­
iovascular cond itioning exercises than was the case in the 
present study . 
The mean increase in leg strength from the first 
test to the last test was 187 pounds. This was not 
statistically sig nificant for any regression equation. 
Jacobsen, in his study ,  reported a significant increase 
of 308 pound s for leg strength from the initial test to 
10 
the final test. On the other hand, G ibbs reported a 
significant decrease in the streng th of high school foot­
ball pl ayers during the s eason. This decrease may be 
attributed to the fact that du� ing the summer months, p rior 
to the football season, all subj ects followed a weight 
program. During the season no weight lifting p rogr�m was 
11  
used by any of the subj ects. Englund also found that  a 
se ason of college football advers ely a ffected the combined 
lifting ( back and leg )  and g ripp ing (right  and left) 
streng th of players. This was apparent in the combined 
increase from 1110 pounds to 1140 pounds a fter the season 
12  
was completed. 
10 
Donald J acobsen, " The Effects of a Basketball 
S eason on Leg S trength and Explosive Power as  Sho\vTI on a 
S el ect Grou� of Players a.t South Dakotc1 S tate University" 
( unpubl ished r-1aster 1 s thes is, S outh Dakot a S tate University, 
1962), pp. 1-40. 
----. _  
11
:David W. G ibbs, " S treng th Pers istenc e of Football 
Players During Com"9eti tion 1 1  (unpubl ished i.fa ster I s thesis, 
University of C al ifornia ,  1 966) , pp . 1 - 58. 
12 
,:J nc :i • +- • f ...., t... 1 1 John .. -Iorne r ?n[ lUni -1. , .,, onc, i � ion o .r oo oa_._ 
Players Duri ng a nci J�fter th� S ea son as . Ind ic� ted by Ca rd - . 
io vascul2r a nd S trength fes �s' ' ( unp ublished �a ster ' s thesis, 
South Dnkota S tate C ollege, 1 955 ) , _ PP • 1- 54 . 
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For this study the grad ual, but insignificant 
inc rease in leg streng th throughout the season ma y i ndi­
cate tha t  the practice sessions where no t of a strenuous 
e nough na ture to cause a significant improvement in leg 
strength, nor was the time spent on in-season weight l ifting 
eno ugh to cause a signif icant improvement. The sl ight 
increase in leg streng th that was found may be attributed 
to the fact that  during the f irst two weeks of practice, 
all players were required to participate i n  a weight 
lit'ting prog ram, two days a week. After the f irst two 
weeks of practice, S unday  was the only d esignated time for 
l ifting. Apparentl y this wa s sufficient to ma intain the 
leg strength of the players, but not enough to cause further 
improvements. 
Percent body fat, a lthough not statistically 
s ignificant,  did de crease through the f irst three tes ts 
and then started to increas e  accord ing to the result s of 
the remaining two tests . Thompson indicated a non­
significant loss of body  fat in a s tudy of football players. 
In a similar study on basketball and hockey p layers, 
4-3 
p ercent body fat also decreas ed, but not significantly . 13 , l 4 
During the de-tra ining pha s e  of this _investigation the mean  
p ercent body fat of the subj ects ros e to a percentage higher 
than that of the initial test. The insignifica nt loss of 
body fat may be attr ibuted to the fact tha t  the mean percent 
was low to start with and tha t  the sea son of competitive 
football wa s not strenuous enough to sig nifica ntl y reduce 
it further. 
It is interesting to note that  the two var ia bl es 
that s ignificantly improved throughout the season of 
c ompetitive footbal l, were the same variabl es that g ained 
specific at tention during the regular practice per iod . 
This observation agrees with the law of specificity and  
tra ining . This law impl ies tha t a n  individual must tra in 
specifically for what he intends to improve. Both the 
bench jump, to evaluate agility and explosive power, plus 
pul l-ups to measure muscular endurance gained specific 
a ttention throug hout the competitive season and d id 
significantly improve. 
13c . w .  Thomp son, "Changes in  Body Fat, Estima ted 
from Skinfold Measurement of Vars ity Colleg e  Football 
Players, n Res earch OuQ rterly, 30 : 87-90 , March, 1959. 
14c . w .  Thompson, E. R. Busk irk and R. _ F. Goldma n, 
"Cha nges in Bod y Fa.t , Es timated from Sk infold rfoa surements 
of Col lea e Bas;c etbal l  and Hockey Players Dur ing a S ea son, " 
Resea rch b 0uarterlv .  30 :  413-30 , lvfarch, 1959 . . I 
The hypothes is as s tated at the onset of this 
investigation that a s eason of competitive football pro­
d uces no s ignif icant changes in cardiovascular endurance, 
mus cul ar endurance, mus cular s treng th, ag ility, explos ive 
power, weight, a nd body fat cannot be totally acc epted .  
The null hyp othes is in reg ard to mus cular end urance as 
meas ured by pull-ups ,  plus ag ility and explos ive power as 
measured by the bench j ump is rej ected, while the null 
hypothes is for the remaining parameters is accepted as 
stated . 
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CHAPTER V 
SUMMARY , CONCLUSIONS , AND RECOMMENDAT IONS 
Summary of the S tudy 
The purpose of this study- was to determine the 
phys ical condi tion of football players as they rep orted to 
the pre-sea son fall  tra ining camp and the resulting effects 
a s eason of competitive football had on selected measures 
. ; 
o f  phys ic al cond ition. 
The subjects were twenty- two South Dakota S ta te 
Univers i ty va rsity and junior varsity football players . 
All subjects were tested five times from the s tart of 
fall camp , August 24 , 1971 , thru December 8 ,  1971 , three 
weeks a fter the final game of the season.  Tests us ed to 
evaluate the physical cond ition of these p layers included 
C oop�r ' s twelve-minute run for cardiova scular endura nce, 
the bench- j ump for agility and explosive p ower, leg 
dynamometer for leg streng th, weight and percent body fat.  
Data were collected and recorded _ in such a manner 
that changes in the p hysical condition of the football 
players could be anal yzed .  Polynomial regression s ta tistics 
were applied to these flata to see if they fit a linear,  
45 
46 
quadratic, cub i c  or quartic equation. The . 05 level of 
confidence was accepte d as the minimal level needed in order 
for the null  hypothesis to be rejected .  
The analysis of d ata i ndicated significant changes 
in p ull-ups and the bench jump. These chang es were linear 
and in a positive dire ction. Both of these parameters 
mentioned were given spe cific attenti on during particular 
phases of the practice sessions. Leg streng th and push-ups, 
although not statist ically signif icant, did increase from 
the i nitial test to the final test. Cooper's twelve-
minute run indicated sl ight improvement in cardiovascular 
c ond iti on up through the third test, after which the 
subjects experie nced a gradual decrease . This decre ase 
however, was not significant to indicate that a peaking 
out of - condition had taken place . Percent bod y  fat  showed 
an insignif i cant dec re ase through the firs t three tests and 
g raduall y increased to a percentag e higher than that 
c alculated on the initi al test. 
C onc lusions 
With i n  the limitations of this investiga tion the 
fol l owing c onclusions were drawn: 
�-
1.  The season of comp etitive football at S outh 
Dakota S tate uni versity affected each investigated p ara- . 
meter  d ifferently. Two pa ramet ers, the pull- ups and the 
bench jump, significantl y  increased throughout the 
competitive se ason .  The rema ining parameters did not 
undergo signif icant changes . 
47 
2 .  The subjects in this investigation never reached 
a point in the competitive football season where improve­
ment reached a plateau or hit a peak . 
3 .  Specific aspects of the football players ' 
cond ition can be  significantly improved throughout a season 
of competitive football by gearing particular phases of the 
in season practice routine toward accomplishing this 
objective . 
Recommend ation for Further Study 
Based on the findings of this investigation, the 
investigator proposes the following recommendations for 
further study : 
1 .  That a longitudinal study of incoming freshman 
football players be conducted to assess the benefits of 
four years of athletic comp etition on physical and 
physiological conditioning . 
2 .  A study be directed toward a more homog eneous 
testing of football players which would include comparing 
and testing offensive lineman and defensive lineman, 
offensive backs and d efensive backs . 
3 .  To investigate  the effects a season of 
competitive football has upon a newly attained level of 
physical condition . 
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APPENDIX 
Subj ec ts Test  I 
B.T. 3 5  
D. O. 31 
E. W. 46 
D. W. 72 
L. A.  32 
D.W. 36 
R. R. 40 
W.B. 52 
D.J . 65 
, P. H. 55 
G. S. 3 5  
R. V. 55 
R. R. 46 
P.E. 3 5  
G. T. 
L.T. 50 
M . B .  6 9  
K. H. 46 
D . B .  45 
J. D. 
M. D. 44 
D. S. 40 
Mean 46 . 45 
S. D .  12 . 02 
APPENDIX A 
TABLE VI 
RAW DATA FOR PUSH-UPS 
Test  Test  
II III 
46 52 
17 - 3 5 
50 50 
80 65  
39  
40 
37  
40 
40 43 
30  57 
90 85  
64 54 
46 52 
65  67 
50 50 
36 43 -
55 55 
82 77 
43 48 
45 50 
50 55 
42 46 
50 . 50 53 . 05 
. 17 . 64 12 . 80 
53 
Test  Tes t 
IV V 
58 6 5  
36  31 
50 50 
80 80 
32  42 
32· 4o 
52 48 
54 60 
85  61 
46 60  
44 46. 
6 5  6 0  
57 60  
36  50 -
54 60  
77 71 
50 54 
45  50 - -
53 56 
51 53 
52 . 85 54 . 85 
14 . 85 11.05 
Subjects 
. B . T .  
D . O . 
E . W .  
D . W .  
. L . A .  
D .W . 
R . R .  
W .B . 
D . J .  
. P .H . 
G . S . 
R . V .  
· R. R .  
P.E .  
G . T . 
L . T . 
M. B .  
K. H .  
D . B .  
J . D . · 
M . D .  
D . S. 
Mean 
S . D .  
.............. 
APPENDIX A 
TABLE VII 
RAW DATA FOR 12-MINUTE RUN ( MILES ) 
Te st Test Test Test 
I II III IV 
1 . 90 1 . 87 1 . 84 1 . 87 
1 . 90 2 . 00 1 . 96 1 . 96 
1 . 87 1 . 78 1 . 84 1 . 71 
1 . 84 1 . 84 .  1 . 84 1 . 87 
1 . 81 1 . 90 1 . 93 1 . 90 
1 . 68 1 . 62 1 . 68 1 . 62 
1 . 81 1 . 81 1 . 87 1 . 87 
1 . 81 1 . 78 1 . 78 1 . 84 
1 . 7 5 1 . 68 1 . 75 1 . 71 
1 . 71 1 . 84 1 . 90 1 . 93 
1 . 59 1 . 6 2  1 . 71 1 . 71 
1 . 81 1 . 75 1 . 78 1 . 71 
1 .6 8  1 . 68 1 . 71 1 . 71 
1 . 6 5  1 . 59 1 . 71 1 . 65  
1 . 6 5  1 . 6 5  1 . 75 1 . 6 5  
1 . 6 5  1 . 62 1 . 75  1 . 71 
1 . 6 5  1 . 68  1 . 71 1 . 75 
1 . 59 1 . 56 1 . 65 1 . 68  
1 . 6 2  1 . 59 1 . 71 1 . 71 
1 . 62  1 . 81 1 . 84 1 . 81 
1 . 59 1 .  59 1 . 68 1 . 68  
1 . 59 1 . 62 1 . 68 1 . 71 
1 . 71 1 . 72 1 ._77 1 . 76 
. 11 . 12 . 11 . 10 
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Test 
V 
1 . 84 
1 . 81 
1 . 71 
1 . 84 
1 . 87 
1 . 71 
1 • .87 
1 . 87 
1 . 84 
1 . 87 
1 . 78 
1 . 68 
1 . 68  
1 . 75 
1 . 68  
1 . 68  
1 . 68  
1 . 68 
1 . 71 
1 . 68 
1 . 62 
1 . 6 5  
1 . 75 
. 09 
Subj ec ts  
B . T. 
D.O. 
E.W. 
D.W. 
L.A. 
D.W. 
R. R. 
W.B. 
D. J. 
P.H. 
G. S .  
R.V. 
R.R. 
P. E. 
G. T .  
L.T. 
M.B. 
K.A. 
D. B. 
.J . D .  
M.D. 
D. S. 
Mean 
S . D . 
APPENDIX A 
TABLE VIII 
RAW DATA FOR LEG STRENGTH ( POUNDS ) 
Te s t  Tes t  Tes t Test  
I II  III IV 
1840 1720 1030  1640 
1300 1140 1500 1290 
1160 1310 1080 1100 
1200 1190 1360 1400 
850 960 1050 1100 
990 1590 1500 1490 
1130  950 1050 820 
1550 1440 1130 1470 
1890 1530 1490 1410 
900 1560 1640 1930 
1290 1320 1560 1620 
1200 850· 1220 800 
1090 1260 1580 1400 
1330 2090 2120 211 0 
1600 17 50 1700 1580 
1200 1510 1660 1480 
1120 1140 1270 1120 
1440 1580 1590 1490 
920 1320 1290 1250 
1100 1200 1370 950 
1470 1460 1580 13 50 
1460 1410 1520 143 0 
1274 1376 1425 1374 
281 291 269 318 
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Tes t  
V 
1780 
13 50 
1800 
1500 
980 
1110. 
1200 
16 00 
1840 
1780 
143 0  
1160 
1450 
173 0  
1730  
1520 
1300 " 
153 0 
1120 
1100 
1620 
1520 
1461 
264 
Subjects Test I 
B. T. 9 
D . O. 6 
E.W. 8 
D. W. 9 
L . A .  4 
D. W. 9 
R. R. 10 
W. B. 9 
D. J. 12 
P.H. 9 
G. S. 7 
R. V. 11 
R. R. 13 
P.E. 6 
G. T. 
L. T. 8 
M.B. 17 
K . H .  8 
D . B . 12 
J. D. 
M. D. 9 
D. S. 10 
Mean 9. 30 
S . D. 2. 84 
APPENDIX A 
TABLE IX 
RAW DATA FOR PULL-UPS 
Test Test 
II III 
12 13 
8 15 
10 15 
15 16 
6 6 
9 11 
12 14 
7 14 
13 15 
13 9 
10 13 
13 16 
15 17 
7 9 
11 16 
19 22 
8 10 
12 19 
10 13 
13 20 
11. 15 14. 15 
3 . 21 3. 89 
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Tes t  Test 
IV V 
15 18 
15 15 
14 14 
18 20 
5 6 
16 17 
15 14 
14 15 
15 20 
16 15 
14 15 
16 16 
20 24 
13 19 
19 18 
23 22 
13 13 r 
19 23 -
14 16 
16 17 
15. 50 16. 85 
3 . 56 4. 01 
Subjects Test I 
B.T. 10. 01 
D . O. 6. 96 
E .W. 11. 42 
D .W.  12. 37 
L.A .  6.26 
D . W. .21. 46 
R.R. 8. 38  
W.B. 11.40 
D.J. 8. 79 
P.H .  8. 70 
G .S .  10. 18 
R.V. 9. 32 
R.R .  13 . 70 
P.E. 17. 6 5  
G .T .  . 15 . 45 
L.T . 13. 86 
M.B . 4. 20 
K.H .  21. 12 
D.B. 16. 85  
J.D.  7. 49 
M..D .  18. 6 5  
D. S .  21. 66 
Mean 12. 51 
S.D .  5. 21 
APPENDIX A 
TABLE X 
RAW DATA FOR PERCENT BODY FAT 
Test Test Test 
II III IV 
10. 78 9. 91 10. 83 
6. 36 6. 36 7. 11 
9. 06 8. 38 8. 89 
12. 45 13.49 13. 49 
7. 02 6. 16 6. 74 
22. 33 23.42 22. 63 
11. 46 9. 14 9. 70 
10. 73 11.41 10. 31 
9. 12 8. 86 7. 52 
7 - 1+9 7. 89 7. 89 
9. 42 9. 06 10. 77 
8. 48 9.48 9. 48 
14. 11 14. 30 13. 96 
1 5. 01 14. 67 16. 09 
12. 56 12. 51 13. 52 
13. 93 11.47 11. 99 
3. 55 5. 35 5. 10 
19. 37 14. 54 15. 90 
13. 72 12. 97 13. 96 
6. 66 7. 16 7. 41 
18. 25 20. 34 20. 07 
26. 80 24. 66 25. 37 
12. 21 11.Bl 12. 21 
4. 47 5. 47 5. 2? 
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Test 
V 
10. 32 
9. 19 
8. 38 
15. 76 
8. 08 
23. 03 
11. 06 
11. 99 
9. 70 
9 . 70 
10. 75 
7. 82 
16. 24 
17. 31 
14. 40 
13. 34 
5. 35 
18. 55  
14. 06 
8. 58 
18. 26 
26. 42 
13. 10 
5.26 
Subj ec ts Test  I 
B.T. 
�� D. O.  
E.W. 37 
D .W .  52 
L. A. 44 
D.W. 32 · 
R. R .  46 
W. B. 45 
D. J. 50 
P.H. 47 
- G . S .  39 
R. V. 42 
R. R. 39 
P. E. 43 
G.T .  
L. T. 42 
M.B. 48 
K. H. 44 
D.B. 39 
J.D. 45 
M. D .  44 
D .S. 35 
Mean 43 . 14 
S. D. 4 . 91 
APPENDIX A 
TABLE XI 
RAW DATA FOR BENCH JUMP 
Test Test 
II I I I  
50 51 
50 51 
37 43 
47 47 
43 40 
34 36 
43 44 
49 51 
50 . 5� 
45 46 
40 45 
44 " 46 
40 46 
46 48 -
38 44 
43 46 
34 41 
44 45 
42 45 
44 51 
37 38 
42 . 85 45 . 52 
4 . 89 4 . 36 
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Test  Test  
IV  V 
�g 54 52 
39 43 
50 52 
37 44 
36 42 
40 46 " 
52 52 
46 55 
43 50 
43 48 . 
44 45 
47 47 
43 50 -
44 45 
48 48 
42 46 
45  49 
46 50 
48 48 
36 41 
44 . o4  47 . 93 
4 . 55 4 . 46 
APPENDIX A . . 
TABLE XII 
RAW DATA FOR WEIGHT 
Subj" ects Test Test Test I I I  I I I  
� 
B.T . 177 179 181 
D . O .  179 179 180 
E .W.  21 5 212 209 
D. W. 180 1 81 185 
L.A .  193 192 195 
D.W.  216 215 217 
R.R .  187 187 190 
W.B . 197 197 200 
D . J .  203 205 205 
P.H .  170 170 173 
G .S .  172 173 175 
R.V .  . 191 1 87 188 
R . R. 190 201 198 
P . E .  232 23 5 233 
G. T .  201 200 199 
L . T .  194 194 194 
M . B . 178 177 177 
K . H. - 219 212 210 
D. B .  178 179 182 
J . D .  181 179 184 
M.D . 191 190 184 
D .S . 212 212 213 
Mean 193. 45 193 . 45 194 t l8 
s .n .  16. 88 16. 30 1 5 . 45 
Test 
IV 
181 
184 
209 
187 
198 
216 
190 
199 
203 
172 
174 
189 
194 
231 
197 
194 
181 
207 
175 
183 
189 
210 
193 . 75 
12 . 27 
. 59 
Test 
V 
179 
190 
215 
190 
204 
215 
190 
200 
205 
178 
179 . 
195 
197 
230 
203 
194 
180 
204 
179 
189 
192 
212 
. 196 . 30 
13 . 80 
• �·• •. J �,-. •: • r� ... . , . . . 
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